Abstract: Bilberry (Vaccinium myrtillus L., Ericaceae) is a rich source of different mineral elements that are important as essential trace elements, or that can be potentially toxic, depending on their concentration. The contents of sixteen elements: the major (Al, Ca, Fe, K and Mg) and trace elements (As, Ba, Cd, Co, Cu, Cr, Mn, Ni, Pb, Sr and Zn) in roots, stems, leaves and fruits of bilberry and the corresponding soil substrate were determined in order to investigate element mobility and availability in soil. Soil was subjected to sequential extraction procedure as proposed by the Community Bureau of Reference in order to fractionate acid-soluble/exchangeable, reducible, oxidizable and residual fractions. Analysis of water and ethanol extracts of bilberry aerial parts revealed a significant transfer of elements during the extraction procedure, with corresponding extraction coefficient values of up to 95.12%. Results showed that bilberry fruits could serve as a good dietary source of essential elements for humans, especially Mn and Cu.
INTRODUCTION
Medicinal plants and their extracts deserve special attention due to their benefits for human health. Bilberry (Vaccinium myrtillus L., Ericaceae) is classified as a Class 1 herb by the American Herbal Products Association, meaning that it can be safely consumed when used appropriately [1] . Its fruits and leaves are rich in the phenolic compounds, including flavonols, tannins, ellagitannins, phenolic acids and anthocyanins [2] . Although most attention has focused on flavonoids in relation to the health benefits, the investigation of mineral content in different plant parts and in corresponding extracts could be of great importance as an addition to previous studies [3] . The content of heavy metals is one of the criteria for the use of plant materials in the production of traditional medicines and herbal infusions [4] . Bilberries are a rich source of several metal elements that are important in human health as essential trace elements, or they can be potentially toxic, depending on their concentrations.
Data regarding the metal content of bilberries have been published in many papers [5] [6] [7] [8] [9] [10] [11] . Generally, the main source of metals in plants is their growth media (e.g. soil, nutrient solution) from which the metals are taken up by the roots. Many single or sequential extraction procedures have been applied to soil to fractionate metals using different extractants or reagents [12] [13] [14] [15] . One of the most widely applied extraction procedures is the original three-step [16] or modified four-step Community Bureau of Reference (BCR) extraction procedure [17, 18] . This allows metals to be divided into acid-soluble/exchangeable, reducible and oxidiz-able fractions. Soluble metals in water solution and exchangeable fractions are considered to be bioavailable, while those in reducible and oxidizable fractions may only be potentially bioavailable. Generally though, metal mobility in the residual fraction is strongly dependent on the environmental conditions, and the metals here are unavailable to both plants and microorganisms.
Determination of metals in plants is important from two aspects: (i) as an estimate of their nutritional value, and (ii) to guard against any possible ill-effects due to metal intake. The content of metals is one of the criteria used to determine the acceptability of a plant for the production of herbal beverages or other traditional medicaments. Bilberry has been used in traditional medicine in the treatment of many diseases; bilberry leaves are used in antiinflammatory mixtures, especially for the urinary tract, and in mixtures to decrease glucose concentration [19] . Bilberry fruit has protective properties towards blood vessels, and antiedema and immunostimulatory properties. However, to the best of our knowledge, there is no available peer-reviewed literature providing information on which part of the bilberry (roots, stems, leaves or fruits) accumulates which elements, and especially on how the elements taken up from soil might be translocated from the roots to the above-ground parts of the plant. This is of paramount importance, since wild bilberry is collected seasonally for use in traditional medicines, but generally without regard for whether the area is polluted or not. Since both water and ethanol extracts of bilberry leaves and fruits have been used in traditional medicine, our work gives insight into the content of elements, not only in water extracts discussed in the literature to date regarding the levels of metals in bilberry plants, but in ethanol extracts as well. This is of great importance due to the frequent use of ethanol as a solvent in herbal products.
Therefore, the aims of this investigation were to (i) determine the concentrations of sixteen elements including major (Al, Ca, Fe, K and Mg) and trace (As, Ba, Cd, Co, Cu, Cr, Mn, Ni, Pb, Sr and Zn) elements in the roots, stems, leaves and fruits of wild bilberry and in corresponding soil from the growth site, in order to estimate relationships between these elements in bilberry and the soil substrate; (ii) to calculate translocation factors (TF) and bioconcentration factors (BCF) for each element in order to understand the accumulation patterns and potential of bilberry plants to uptake elements from the soil substrate; (iii) to compare the content of elements in leaves and fruits of wild and commercial bilberry plants; (iv) to determine the content of elements in both extracts (water and ethanol) of leaves and fruits of wild and commerciallygrown bilberry plants; (v) to determine the extraction coefficients of elements in the two solvents, and (vi) to estimate the nutritional value of the bilberry fruit for dietary intake.
MATERIALS AND METHODS

Reagents and chemicals
All chemicals were of analytical grade and were supplied by Merck (Darmstadt, Germany). All glassware was soaked in 10% HNO 3 for a minimum 12 h and rinsed well with distilled water. Ultra-pure water was prepared by passing double deionized water from a Milli-Q system (Millipore Simplicity 185 System incorporating dual UV filters (185 and 254 nm) to remove carbon contamination). Multi-element Stock Solution (Alfa Aeser, Thermo Fisher, UK) containing 1000 g/L of major and trace elements and Semiquantitative Standard Solution (Alfa Aeser, Thermo Fisher, UK) containing 10 µg/mL were used to prepare intermediate multi-element standard solutions for ICP-OES measurements.
Sample collection
Samples of soil and wild bilberry (Vaccinium myrtillus L., Ericaceae) were collected on Bjelasica Mountain (Montenegro) at an altitude of 1200 m in a geographical location without direct exposure to any source of pollution ( Supplementary Fig. S1 .). The location is a wilderness area populated by spruce forest. Soil samples were collected at a depth of 0-20 cm. After sampling, soil and plant materials were stored in polyethylene bags until transfer to the laboratory. Samples of commercially grown bilberry plants, Vaccinii myrtlii folium and fructus, were obtained from the "Josif Pančić" Institute in Belgrade, Serbia. The voucher specimens (No VMF_121215, and VML_111215) were deposited at the Faculty of Pharmacy, University of Belgrade, where identification was performed.
Soil preparation for determination of element content
Soil samples were air-dried at room temperature for three weeks, mechanically ground and sieved to <2.5-mm mesh diameter size. One g of each soil sample were analyzed by the BCR sequential extraction procedure. The following solutions for extraction were used: phase 1 (F1) 0.11 M acetic acid (HOAc extractable fraction; acid soluble fraction); phase 2 (F2) 0.5 M hydroxylamine hydrochloride adjusted to pH 1.5 (reducible fraction); phase 3 (F3) 8.8 M hydrogen peroxide stabilized at pH 2 and 1 M ammonium acetate adjusted to pH 2 (oxidizable fraction); phase 4 (R) aqua regia 15 mL 37% HCl and 5 mL 65% HNO 3 , at 80°C during 5 h (residual fraction). For pseudo-total element content determination, 0.5 g of soil were digested in the same way as the residual fraction using the BCR sequential extraction procedure. After digestion, samples were filtered through Whatman no. 42 paper and diluted to 100 mL in a volumetric flask. The element recovery during the sequential extraction procedure was determined by comparison of the sum of each element from all four fractions with the pseudo-total element concentrations, and was in the range of 85-111%.
Preparation of wild and commercial bilberry for determination of the element content
Wild bilberry samples were divided into roots (WBR), stem (WBS), leaves (WBL) and fruits (WBF). After drying, samples were ground in an electric mill. Each of the parts (0.5 g amounts) was transferred into a separate PTFE cuvette and 7 mL of 65% HNO 3 and 1 mL 30% H 2 O 2 were added. Microwave digestion was performed under the following program: warm up for 10 min to 180°C and maintain for 15 min at the same temperature. After a cooling period, samples were quantitatively transferred into volumetric flasks (50 mL) and diluted with distilled water. Commercial bilberry samples, leaves (CBL) and fruits (CBF), were prepared in the same way.
Determination of bioconcentration and translocation factors
Bioconcentration factors (BCF) were calculated for each element by summing the element concentrations from the first three extraction phases, assuming that these fractions were bioavailable for the plant. BCFs were calculated as follows:
where C part of plant is the total concentration of the target element in the plant part and C soil is the concentration of the same element in the first three extraction phases of soil. BCF r , BCF s , BCF l and BCF f were calculated for roots, stems, leaves and fruits, respectively. Bioconcentration factors were calculated for roots, stems, leaves and fruits (BCF r , BCF s , BCF l and BCF f respectively). The ability of plants to transport elements from the roots to stems, leaves or fruits was estimated using the translocation factor (TF). The TF was calculated as the ratio of the concentration of target element in stems (TF s ), leaves (TF l ), fruits (TF f ) and roots (TF r ) as follows:
Preparation of water and ethanol bilberry extracts for element determination
To produce water extracts, 0.5 g of wild or commercial bilberry (leaves or fruits) was added to 50 mL of deionized water and heated at 50°C for 1 h. This water extraction process produced WBLW (wild bilberry leaf extract), WBFW (wild bilberry fruit extract), CBLW (commercial bilberry leaf extract) and CBFW (commercial bilberry fruit extract). To produce ethanol extracts, 10 g of wild or commercial bilberry (leaves or fruits) was added to 50 mL of 70% ethanol and heated at 40°C for 1 h. This ethanol extraction process produced WBLE (wild bilberry leaf extract), WBFE (wild bilberry fruit extract), CBLE (commercial bilberry leaf extract) and CBFE (commercial bilberry fruit extract). After cooling to room temperature for 3 h, extracts were filtered through Whatman no. 42 paper and diluted to 50 mL in volumetric flasks. Before determining the element content in the extracts, water extracts were diluted 1:10 and ethanol extracts were diluted 1:50.
Determination of extraction coefficient
Extraction coefficient (EC) was calculated using:
With respect to the extraction efficiencies, elements can be classified into three groups [20] : highly extractable (>55%), moderately extractable (20-55%) and poorly extractable (<20%).
Determination of dietary daily mineral intake and daily intake
A 100-g fresh-weight portion of bilberry fruits per meal was used to estimate element intakes per day. This typical portion contained about 16 g of dry matter. Daily mineral intake (DMI, %) and recommended daily allowance (RDA) values were calculated according to the European Economic Community Directive [21] . The DMI was calculated using:
where C is the element content (mg) in 100 g of fruits.
According to EEC regulation 90/496, the contribution is important if 100 g contains at least 15% of the RDA.
Daily Intake (DI, %) for As, Cd and Pb was calculated for 100 g of bilberry fruits using:
where MDI corresponds to the maximum tolerable daily intake established by EFSA.
Instrumentation
An inductively coupled plasma-optical emission spectrometer (ICP-OES) (Thermo Scientific, United Kingdom), model 6500 Duo, equipped with a CID86 chip detector, was used for determination of elements. This instrument operates sequentially with both radial and axial torch view. The entire system was controlled with iTEVA software. Instrument conditions are given in Supplementary Table S1 . Microwave digestion was used for destruction digestion of bilberry plant parts. Digestion was performed in a microwave oven equipped with a rotor holding 10 PTFE cuvettes (Ethos 1, Advanced Microwave Digestion System, Milestone, Italy).
Statistical analysis
Parameters of descriptive statistics (mean value and standard deviation) were obtained using a demo version of the NCSS statistical software (www.ncss.com). 
RESULTS
Profile of elements in soil
The results obtained for each element after soil was subjected to the BCR sequential extraction procedure, pseudo-total element content obtained from aqua regia digestion, and recovery values, are given in Table 1 . The distribution of the elements from the mountain soil among fractions: (phase 1) exchangeable and associated with carbonates, (phase 2) associated with easily and moderately reducible iron and manganese oxyhydroxides, (phase 3) associated with organic matter and sulfides, (and phase 4) aqua regia extractable residual fraction, are presented in Fig. 1A and B. Contents of trace and major elements (% of total content of each element) are given in Supplementary  Figs . S2 and S3, respectively.
Bioconcentration and translocation factors in bilberry plants and tissues
For better understanding of the relationship between available concentrations of elements in soil and element content in plant tissue, the BCF was calculated.
Higher BCF values imply a greater phytoaccumulation ability of the plant. The ability of plants to transport elements from the roots to stems, leaves or fruits was estimated using the TF. A higher TF value corresponds to higher translocation ability. The BCF and TF values obtained for bilberry are presented in Table 2 .
The element content of wild and commercial bilberry
The element contents in the different plant parts of wild and commercial bilberries are presented in Table 3 .
The element content of water and ethanol bilberry extracts
People mostly utilize bilberry leaves or fruits, and so accordingly, in this work we determined the content of major and trace elements and the coefficients of water and ethanol extraction from these plant parts (Tables 4  and 5 ). Extraction coefficients depend on the extraction medium and on the plant species extracted [31] . Additionally, the duration and temperature of the process of extraction could highly influence the EC value. The most abundant major element in all investigated bilberry extracts (WBLW, WBLE, WBFW, WBFE, CBLW, CBLE, CBFW and CBFE) was K (Table 4) , although we found a low extraction coefficient for K in the water and ethanol extracts of leaves (up to only 9.49%, Table 5 ). In extracts WBLW and CBLW, Ca levels were higher than those of Mg, even though the extraction coefficients for Ca were low (up to 6.23%), while for Mg, they were medium (up to 25.73%). In WBFW and CBFW, Ca was the third most abundant (Table 4) . In these cases, Ca showed medium (up to 28.23%) while Mg showed high extraction coefficients (up to 61.33%, Table 5 ). Ca and Mg were poorly extractable from bilberry plant parts with ethanol (contents were all <20%). The content of Al varied from 37.8 mg/kg in WBFE to 70.0 mg/kg in CBLW. High Fe contents were found in the water fruit extracts (19.5 mg/kg in WBFW and 26.0 mg/kg in CBFW), and we also calculated a high extraction coefficient (up to 59.99%). Significantly lower Fe content was detected in water leaf extracts (3.68 mg/kg in WBLW and 2.5 mg/kg in CBLW). The content of Fe in all ethanol extracts was below the limit of detection (<0.06 mg/kg).
The most abundant trace element in water leaf extracts was Mn followed by Zn, while in water fruit extracts, Zn levels were higher than Mn levels. The Mn content in WBLW and CBLW was 683 and 697 mg/ kg, respectively, while in fruit, it was much lower (2.73 and 2.76 mg/kg, respectively). However, we found low extraction coefficients for Mn in all our extracts (up to only 19.85% was extracted). The content of Zn in water extracts of leaves and fruits was from 5.00 mg/ kg in WBFW to 17.17 mg/kg in CBLW. In addition, a high extraction coefficient was calculated for Zn in WBFW and CBFW (79.10%). The contents of Zn Toxic metals were also present in the bilberry extracts. The Pb content in the water extracts of leaves and fruits ranged from 0.083 mg/kg in WBFW to 1.51 mg/kg in CBLW, with coefficient extraction being up to 48.67%. In ethanol, the Pb content was from 0.03 mg/kg in WBFE to 0.26 mg/kg in CBLE and the extraction coefficients were low (up to 19%). On the other hand, we measured high percentages of Cd from both bilberry leaves and fruit transferred into ethanol and water (extraction coefficients from 60.05% in CBFE to 95.24% in CBFW). The determined high extraction coefficients for Cd could, however, be considered insignificant, since our research also revealed that this metal accumulated neither in the leaves nor in the fruit of the bilberry (BCFs were up to 0.71, Table 2 ). In addition, the TF determined for Cd (0.81) pointed to this metal translocating more to plant stems than to fruit or leaves. In the investigated plant parts, the Cd content measured was up to ten times less than the World Health Organization (WHO) recommended upper limit for Cd in medicinal plants, meaning that in terms of Cd content, the bilberry examined would be considered safe for medicinal use.
The water extracts had higher extraction coefficients and higher concentrations of all studied elements in comparison to ethanol extracts obtained from the same parts of bilberry (Tables 4 and 5 ). The water and ethanol extracts of leaves contained higher amounts of almost all studied elements in comparison to the extracts of fruit. K and Fe, being exceptions, were higher in water extracts of fruit rather than in leaf extracts. Additionally, the content of K was higher in the ethanol fruit extracts than in leaf extracts. On the other hand, the water extracts of fruit showed higher extraction coefficients for all investigated elements than did the leaf extracts (Table 5) .
Dietary elemental intake
Calculated RDA and DMI values of essential trace elements and DI and MDI values of toxic metals for bilberry fruits are given in Table 6a and b. We calculated a good DMI for Mn (10.88% of RDA). The calculated DMI for Cu was 8.17%, whereas for Zn, it was 1.15%. These findings reveal the positive significance of bilberry consumption as part of a normal daily diet. In the case of major elements, the calculated DMI was highest for K (4.23% of RDA), while for Fe it was 3.71% of RDA. The calculated DMI for Mg was 1.78% of RDA, whereas the calculated DMI for Ca was 1.30%. Provisional tolerable weekly intake (PTWI) for inorganic As is 15 µg per kg body weight (b.w.), which corresponds to an intake of 2.1 µg per kg b.w per day [34] . This daily intake is equivalent to an intake of 150 µg per day for the average consumer (70 kg b.w.). For Cd, EFSA's [35] Panel on Contaminants in the Food Chain (CONTAM Panel) set the tolerable weekly intake (TWI) of 2.5 µg per kg b.w. in order to ensure a high level of protection for all consumers, which corresponds 25 µg per day for an adult person weighing 70 kg. The provisional TWI for Pb is 25 µg per kg b.w. [36] . We found that consumption of 100 g of bilberries would result in Cd intake of just 2.62% and Pb intake of just 1.28% of their respective TDIs. We did not detect As in the bilberries examined. Based on our findings, therefore, the bilberry fruits possessed no toxicological risk with respect to the examined metals.
DISCUSSION
Large percentages of Ca and Mg in the mountain soil were associated with the acid soluble fraction (57.31 and 30.84%, respectively). Elements extracted in this fraction would include weakly taken-up element species, particularly those caught on the soil surface by relatively weak electrostatic interactions and those that can be released by ion-exchange processes. The predominant chemical form of Pb was associated with the reducible fraction (76.41%) followed by the oxidizable (13.27%), and, lastly, the residual (9.73%) fraction. Taking into account that the fractionation profile of Pb in the first three fractions comprised more than 90% of the total content of this metal, it could be considered as the most easily mobilized, i.e. the most bioavailable metal. Although the pseudo-content of Pb in the investigated soil was in the range defined as safe by Serbian national regulations [24] , this does not mean the same safety criteria could be applied to plants, taking into account the mobility we observed. In fact, this highly mobile Pb could be a problem if taken up by bilberry. This level of metal mobilization indicates that Pb could have been remobilized, becoming more easily bioavailable following a slight lowering of pH [15, 25] . Furthermore, our results showed that Ba and Mn had similar behavior, meaning that the highest percentages of these metals were found in the reducible fraction (46.61 and 41.69%, respectively). Metals in this fraction, in reducible conditions, can bind to hydrous oxides of Mn and Fe. As, Pb, Ba and Mn can be considered easily mobilized elements, based on the fact that more than 80% of the total content of these elements in soil was distributed in the first three fractions. The soil Cr concentration was higher than the maximum recommended value [24] for this metal (100 mg/kg). The average content of this metal in soils worldwide was established to be 60 mg/kg, although in soils derived from basic rocks and serpentines, it can be even higher [22] . However, we found that more than 90% of the Cr in the Montenegrin soil was bound to the residual fraction, which indicates that this metal, being strongly bound to crystalline structures of minerals, would be the least available to bilberry. Our results confirmed that the highest percentages of Al and Fe were present in the residual fraction (77.21 and 71.52%, respectively), which showed that these metals were also immobile in soil. The contents of Cd, As, Ni, Cu, Zn and Co in the soil were below the maximum allowed limits, according to national regulations [24] . The greatest percentages of As, Cd, Cu and Zn were extracted in the residual fraction (46.91, 56.49, 57.23, 57.89%, respectively) followed by the oxidizable fraction (46.60, 18.08, 34.32, 21.23%, respectively). In the case of Co and Ni, both metals were extracted in the residual fraction (42.09; 55.48%, respectively), as well as being associated with the reducible fraction (36.17; 22.22%, respectively), while K and Sr were extracted in the residual fraction (59.74 and 54.83%, respectively), followed by the acid soluble fraction (15.60 and 22.50%, respectively). The results obtained indicated that there were no anthropogenic inputs of these elements in the soil from the investigated site. Our pseudo-total contents were in accordance with data published by Kabata-Pendias [22] , who stated that the metal content might vary within different ranges in various soil groups.
Our findings revealed that among the major elements, Ca and Mg mostly accumulated in bilberry leaves (BCF values were 1.51 and 0.92, respectively), while K was present in all parts of bilberry (including fruits), with the highest amount in the leaves (BCF between 1.39 and 5.27). It is well known that Mg is a constituent of chlorophyll and essential for photosynthesis, while Ca accumulates in the stems and leaves. Lack of Ca might cause poor development of roots and drying of leaves. K, being located in all parts of the plant, is especially important because of its capacity to enable better nitrogen use, which affects the synthesis of protein, enables the synthesis of carbohydrate in leaves, facilitates the transport of the resulting compounds to other parts of the plant, and increases the resistance of plants to cold [26] .
In the case of trace elements, we determined that Mn and Zn accumulated in roots, stems and leaves of bilberry, with BCFs from 3.62 to 12.54 for Mn, and from 0.83 to 2.80 for Zn. This level of Mn accumulation might be of great importance, taking into account its role as an essential nutrient for plants. Mn is a functional component for the assimilation of nitrate, and it is an important component of many enzyme systems in plants. Zn is an important and useful element for plants, mainly as part of the active site of various metalloenzymes; it participates in the process of photosynthesis and the biosynthesis of cytochrome superoxide dismutase and catalysis, responsible for the protection of plants from stress [26] . Interestingly, our results differed in comparison to the published data, where lower accumulation of Zn was found [10] . In contrast to Mn and Zn, Cu was distributed approximately equally through all parts of the bilberry, including fruits (BCF was from 0.55 to 0.70). A similar BCF value for Cu in bilberry from northern Europe was observed previously [10] .
Cu participates in physiological processes in plants, including photosynthesis, respiration, and the distribution of carbohydrate and nitrogen; it is present in the metabolic pathways of plants as an enzyme activator and regulator and contributes to plant resistance to disease [26] . Ba and Sr were highly concentrated in the roots, stems and leaves of our bilberry plants (BCF was from 1.08 to 5.31). Therefore, Sr was easily absorbed by bilberry. Although it is known that Sr is not essential for the growth and multiplication of most plants, it is necessary for the metabolic demands of Ca in plants [27] .
In the case of toxic elements, As was not detected in any part of the bilberry plants examined, while BCF values for Pb were very low (BCF from 0.01 to 0.17). On the other hand, a slightly higher BCF value for Cd occurred in the roots of plants, although it remained below one (up to 0.71).
Our results showed that bilberry did not accumulate As or Ni. The absorption of Ni by the plant and its transfer from root to shoot might be inhibited by the presence of Cu, Zn, Fe, and Co [28] . Competition kinetic studies showed Cu and Zn were capable of competitively preventing Ni absorption, suggesting that Ni, Cu, and Zn were absorbed using the same carrier site. We found that Al, Co, Cr, Fe and Pb were present only in relatively low amounts in all parts of the plant (BCF was from 0.01 to 0.23), which was in agreement with previously published results [10] .
Based on the translocation factors obtained, it was assumed that the K, Mg, and Cu (TF values were from 0.83 to 1.00) were transported from the roots to fruits in the highest amounts. The most significant finding was that there was no translocation of toxic trace elements to the bilberry fruits. They translocated to the stems or leaves, although TF values were less than 1. In the case of essential metals, all the major elements, as well as Mn and Zn, were transported from bilberry roots to leaves, with TF values from 1.13 to 7.70. Taking into account that in traditional medicine only the leaves and fruits are historically used for treatment of health conditions, our findings provide insight into the safety of application and use of these plant parts.
The presence of major and trace metals (i.e. elements) in bilberries has been reported in a number of previous studies [5] [6] [7] [8] [9] [10] [11] . Differences in the metal content of plant tissues in different countries might be dependent on metal availability in soil as well as on plant species, growth stage and morphological features [9] . In addition, the accumulation might depend on seasonal variation [7] .
In the current study, WBS, WBL and WBF contained Co in quantities below the limit of detection (<0.011 mg/kg), while WBR (0.087 mg/kg) and the commercial bilberry parts contained a significantly higher amount of this metal (0.600 mg/kg and 0.534 mg/kg in CBL and CBF, respectively). Li et al. [29] indicated that plants can accumulate small amounts of Co, and that its absorption and distribution depend on the species and are controlled by different mechanisms. Co distribution could involve organic complexes, although the low mobility of Co in the plants restricts its transportation from the roots to the shoot, as seen in the current study in the case of wild bilberry. However, the concentrations of other investigated elements in both our wild and commercial bilberries were similar and followed the same trend, being lower in fruits than in leaves. In all studied parts of wild and commercial bilberry, the contents of As and Ni were below the limits of detection (0.047 mg/ kg and 0.012 mg/kg, respectively).
The most abundant major element in WBR and WBF was K (5285 and 5290 mg/kg, respectively), followed by Ca (3028 and 651 mg/kg, respectively), while in the WBS and WBL, Ca was the most abundant (13116 and 23330 mg/kg, respectively), along with K (12796 and 20113 mg/kg, respectively). Mg was the third most abundant major element in all investigated bilberry plant parts (from 419 in WBF to 3286 mg/ kg in WBL), followed by Al (from 126.8 in WBF to 689 mg/kg in WBL) and then Fe (from 32.5 in WBF to 620 mg/kg in WBL).
Distribution of trace elements (adopting the order Mn>Zn>Cu>Cr) and toxic metals (Cd>Pb) in all investigated parts of wild bilberry followed the same trends. WBF had the lowest contents of Mn, Zn, Cu and Cr (13.61, 7.24, 5.11 and 0.52 mg/kg, respectively) compared with the other plant parts. WBL had the highest content of Mn (5887 mg/kg), Zn and Cu were highest in WBS (50.3 and 6.50 mg/kg, respectively), while the lowest content of Cr was measured in WBR (3.47 mg/kg), compared with the other plant parts.
The most abundant major element in all investigated bilberry extracts was K. However, the extraction coefficient of K from fruit in water and ethanol extracts (up to 53.00%) indicated only moderate extraction efficiency from this plant part. We calculated a high extraction coefficient (up to 59.99%) for Fe in the water fruit extracts. The extraction coefficients obtained for Fe in leaf water extracts were low (up to only 0.59%), which was in accordance with values found in the literature [6] . The second most abundant trace element in fruit and leaf ethanol extracts was Cu, with low extraction coefficients, only up to 18.35%. On the other hand, the extraction coefficients for Cu in fruit and leaf water extracts were similar to published values (29.99%) [6] . The obtained extraction coefficients for Mn in all our extracts were up to only 19.85%, while Gallaher et al. [6] found a higher extraction coefficient for Mn in leaf water extracts (39.30%). The extraction coefficient we measured for Zn in WBLW and CBLW was high (up to 66.30%), and was also higher than the values found in the literature [6] . Obtained Pb content in the water extracts of leaves and fruits with coefficient extraction being up to 48.67% is in agreement with the literature [20] . High extraction coefficients of Cd in water extracts (95.24% in CBFW) were also reported in the literature [20] . The water extracts of fruit showed higher extraction coefficients than did the leaf extracts, which could be explained by the fact that most elements in water extract of leaves could be complexed by flavonols, catechols, tannins and polyphenols found in the leaves [20] . Tannins, especially, have been known to strongly bind Al, Cr, Cu and Fe.
The highest concentrations of toxic metals (Cd and Pb) were found in WBR (0.136 and 5.09 mg/kg, respectively), while WBF did not contain these metals in significant quantities. For medicinal plants, the permissible limits for Cd and Pb set by the WHO are 0.3 and 10 mg/kg, respectively [30] . All the studied parts of wild and commercial bilberry accumulated these metals in quantities that were below these limits.
Overall, the results revealed that levels of toxic metals were below the upper permissible limit set by the WHO, while essential metals, i.e. the trace elements, were present in significant quantities important for exhibiting beneficial pharmacological effects.
Cr functions as a cofactor in insulin-regulating activities [32, 33] . It might facilitate insulin binding and subsequent uptake of glucose into the cell, and therefore, cause decreases in fasting glucose levels, which might improve glucose tolerance, lower insulin levels and decrease total cholesterol in type II diabetic subjects.
It is known that Mn activates the antioxidant enzyme manganese superoxide dismutase, which protects cell membranes and tissues from disruption and degeneration. Mn helps the body to catabolize lipids, carbohydrates, and proteins and assists in energy production. It is also involved in the modulation of glucose transport across cell membranes.
The heart and blood vessels are dependent upon Cu, which is also used for the transportation of oxygen by Fe. Cu might act as an antioxidant, as support for giving the skeleton strength and elasticity and it is important for the immune system. It was earlier established that Zn enables the function of many enzymes. Amongst others, the transport of carbon dioxide from the tissues to the lungs and the production of protein are dependent on Zn. Zn also works together with the hormone insulin that regulates carbohydrate conversion in the body [32, 33] .
Ca and Mg are needed for building the skeleton, for nerve and muscle functions and in order for cells to function.
The health benefits derived from all the above mentioned elements are clear indications that deficiencies in these metals could be considered an additional risk factor in the development, progress and complications of human disease. Therefore, daily intake of essential elements provided by consuming bilberry fruit might have beneficial effects on impaired metabolic processes.
CONCLUSION
The results of the applied BCR sequential extraction procedure revealed that Pb was the most easily mobilized, bioavailable metal in the investigated soil. However, Pb had a low bioconcentration in all examined parts of bilberry (BCF values were only up to 0.17). In the case of Cd, the BCF for roots was 0.71 but this metal translocated more to the stems than to leaves or fruit. As from the investigated soil did not accumulate in bilberry at all, since levels in the plants were below the limit of detection. Therefore, although available to the plants from the soil, because of the low BCF value, As would not be considered as a risk to the health of human consumers of these bilberries or bilberry extracts. A high BCF value in bilberry fruit was only found for K (BCF of 1.38). Interestingly, the results obtained revealed that only this metal was translocated in a significant quantity to the fruit. On the other hand, Ca, Mg, K, Fe, Al, Sr, Ba, Mn, Cu and Zn were translocated mostly from roots to leaves. Ca, Mg, K, Sr, Ba, Mn and Zn also exhibited high capability of being accumulated in leaves.
We determined that the bilberry extract preparation method had an effect on the element content. Water and ethanol extracts of leaves or fruits were rich in all essential metals. However, the water extracts had higher metal concentrations than the ethanol extracts. In addition, the water and ethanol extracts of leaves contained higher amounts of almost all studied metals than the fruit extracts. Also, the water extracts of fruit showed higher extraction coefficients for all investigated metals than the leaf extracts. This was possibly due to metals binding to flavones, catechols, tannins and polyphenols, which are present in the leaves in higher quantities than in the fruit. The calculated dietary intakes showed that bilberries could serve as a good dietary source of essential elements, especially Mn (10.88% of RDA) and Cu (8.17% of RDA).
